The aim of this study, focusing on a small number of cases, is to deal with the angiosarcoma of the breast, representing less than 1% of all soft tissue breast tumors, and finally share our experience. As a consequence of breast-conserving therapy (BCT) that is the standard treatment nowadays, a new type of angiosarcoma has been highlighted: RadiationInduced Angiosarcoma (RIAS).
Introduction
In this work diagnosis, management, and outcome of RIAS in a small number of patients with breast cancer are being discussed. As a very rare vascular tumor, breast angiosarcoma (AS) can be divided into primary, if it arises without a known precursor, or secondary, if it occurs at the site of previously irradiated skin, in which case it is known as a Radiation-Induced Angiosarcoma (RIAS) of the breast [1] . But, still, no evidence-based guidelines concerning the ideal treatment of angiosarcomas exist.
In those patients undergoing breast conserving surgery with adjuvant radiotherapy, the estimated incidence of RIAS varies between 0.05 and 0.3%, accounting for less than 1% of breast tumors [1] [2] [3] [4] and for approximately about 3% of all soft-tissue sarcomas.
The incidence of RIAS appears to be increasing, perhaps reflecting the long latency period for the development of these tumours following the widespread adoption of adjuvant radiotherapy for breast cancer.
margins and improved survival rate, although it has not been demonstrated to be independent of other biological factors, such as tumour size [9, 10] . There is some evidence that neoadjuvant chemotherapy may improve outcomes in the treatment of the angiosarcoma, the rarity of which limits our knowledge to case reports or small retrospective case series [5, 11, 12] .
In order to characterize a population of patients with RIAS, treated at our hospital for a 5-year period, we have performed a retrospective study analyzing the usefulness of mammography, ultrasound, and magnetic resonance imaging (MRI) for our diagnosis [13] .
Our work has been reported in line with the SCARE criteria [14] .
Materials and Methods
Our case series regards patients with histologically proven angiosarcoma of the breast, developed after radiotherapy for breast cancer, between 2013 and 2018, and analyses treatment strategies with a multidisciplinary approach.
The affected patients, six females with radiation-induced breast angiosarcoma, were identified through a comprehensive search in the aforementioned period of the cancer registry of our institution, at University Hospital of Catania. Mean age was 70, range: 59-79 years old. Patients had performed the previous diagnostic and therapeutic management at various institutions, so that the information is not all available. Description of patients' characteristics and treatment procedures per-
The diagnosis of RIAS of the breast is often delayed because of its benign appearance and the difficulty in differentiating it from the nonspecific skin changes induced by prior radiation or from another disease [5] . The radiological findings are also often nonspecific. Although RIAS typically develops 10 years after radiation treatment for breast cancer, the latency period can range from 6 months to 20 years [6] , leading some authors to believe that it is probably being underreported and that the true incidence rates are therefore higher. As the incidence of breast cancer is increasing, the use of breast-conserving surgery followed by radiotherapy has been replacing radical mastectomy as standard treatment. The associated incidence of RIAS is also rising, with an estimated cumulative incidence of 0.9-3.2 per 1000 breast cancer cases [3, 4] . In a large population-based cohort study, a history of prior radiotherapy as treatment for breast cancer was associated with 26-fold increase in the risk of developing angiosarcoma when compared with non-irradiated control groups [7] . The prognosis for patients with RIAS remains poor, with 5-year overall survival rates ranging from 27 to 48%. Despite the fact that RIAS was first described in the early 1920s, its molecular biology is still controversial and there is therefore no targeted therapy available.
Currently, aggressive surgical resection is commonly advocated as the treatment of choice. There is a lack of data proving the efficacy of adjuvant chemotherapy [8] .
Surgery, in the form of wide excision or mastectomy, is the mainstay of management in localised disease. Some studies have reported an association between R0 Rapidly progressive disease, where disease volume increased over a time span of 2-3 weeks from being suitable for mastectomy alone or in combination with a pedicled flap to requiring more extensive reconstruction, was also judged irresectable in oncological terms.
Preoperative biopsies were performed to confirm the presence of AS and exclude other diseases.
Macroscopically complete resection was considered by the operating surgeon. Histologically, the resection was classified as R0 (microscopically negative) if the negative margins were more than 1 cm circumferentially or R1 (microscopically positive) if tumour extended to or within less than 1 cm of the resection margin.
Four patients were recruited for immediate re-irradiation, while one patient was treated after 13 months when a parietal relapse occurred (she had refused immediate re-irradiation), the last patient was excluded from re-irradiation, as he had achieved dose limits for the heart in the previous treatment. The decision on administration of adjuvant chemotherapy was made on a case-by-case basis, based on the data available in relation to the previous treatments received and the performance status of the patients. One patient received four cycles of epirubicin-ifosfamide chemotherapy, one epirubicin alone for six cycles, three were excluded for medical reasons (age, comorbidities or tolerance dose of the anthracyclines already previously reached). One patient received weekly paclitaxel for 12 cycles for synchronous lung metastases.
Radiotherapy was administered taking into account the doses received from healthy tissues in the previous irradiation and prior administration of anthracyclines. For these reasons, we chose to carry out the re-irradiation by means of intensity-modulated radiotherapy (IMRT, see Figure 1 ), using a step-and-shoot technique, according to our institutional procedures [2] [3] [4] . The Radiation dose and fractionation scheme which were used varied: two patients received conventional fractionation to 50 Gy, two patients received 40 Gy (because the time elapsed from the previous irradiation was short and the neoplasm was located on the left breast), one patient 35 Gy in 5 Gy fraction once a week (due to reduced clinical compliance).
Results
No positive margins were reported in the patients who had received radical mastectomy performed by the same surgical team.
Following radical mastectomy, patients received treatment as planned, without any interruptions, both for chemotherapy and radiation therapy. At a median follow-up time of 22 years (range: 1.5-4 years), three patients are alive, without evidence of relapse or progressive disease. One patient with synchronous pulmonary metastases at diagnosis is still receiving active onformed after RIAS diagnosis are described in Table 1 . All patients had undergone breast-conserving treatment at the time of diagnosis, with adjuvant radiotherapy administered by conventional 3-dimensional conformal radiotherapy to a total dose of 50 Gy, with daily fractionation of 2 Gy, with or without a tumor bed boost of 10 Gy. Tumors were right-sided in 3 patients, and left-sided for the other 3. During adjuvant treatment, five out of six patients received anthracycline-based systemic chemotherapy, according to institutional guidelines, while all patients received adjuvant tamoxifen/ aromatase inhibitor hormonal therapy. No patient had HER2-positive cancer at the time of diagnosis.
During follow-up, after a median period of 7,6 years (range: 5-11 years), the diagnosis of ipsilateral breast angiosarcoma was performed: the most frequently exhibited signs by the patients at onset were red-violet coloured skin nodules, located in the context of irradiation fields, with a moderately variable growth rate from a few weeks to 4-6 months. All patients received a histological confirmation of secondary angiosarcoma and a radical mastectomy was performed in all cases. To diagnose RIAS, the Cahan and Arlen criteria were followed [5] : sarcoma arising within the previous irradiated field; a latency period of at least 3 years between radiotherapy and the development of the sarcoma; and a histological distinction between the secondary sarcoma and the primary neoplasm. All six patients received a complete radiological work-up with mammography, ultrasound and MR (in 4/6 patients) in the attempt to confirm the clinical suspicion of RIAS, but no pathognomonic characteristics were identified. The growing interest of scientific literature in identifying specific features of "radiation signature" has not yet produced consolidated data. Three of the six patients highlighted in our case series were the object of an immunohistochemical study for the evaluation of MYC expression, which had shown a high expression on such patients. Table 1 reports also tumor histological characteristics. The date of RIAS diagnosis was defined as the day on which the histological diagnosis was made. The latency period was defined as the time from the first radiation session and the date of RIAS diagnosis. Only one patient showed synchronous metastases (in the lung) at diagnosis of RIAS, while other five patients showed only breast disease.
All patients undergoing surgery at our Hospital were discussed at a sarcoma multidisciplinary meeting in a pre-operative phase. Patients were classified as having resectable disease if pre-operative assessment indicated that a 2 cm or greater negative margin could be achieved by surgery with or without plastic surgical reconstruction in the form of a single pedicled or free myocutaneous flap. If the desired negative margins required more extensive reconstruction, such as with extensive resurfacing by large skin grafting, the patient would be classified as having irresectable disease.
The probability of developing tumors in patients undergoing radiation therapy for treating breast cancer is very low and cannot limit the use of radiotherapy when indicated. Radiation doses above 50 Gy induce cell death and lower doses (< 30 Gy) cause genetic instability by damaging cell repair mechanisms.
Numerous studies have suggested the correlation between the onset of soft tissue sarcomas and the radiation treatments performed to deal with breast tumors. Radiotherapy increases the risk of developing soft tissue sarcomas and, in particular, of developing angiosarcoma [15] . RIAS represents, approximately, less than 1% of breast tumors [2] . Radioinduced angiosarcoma has many clinical manifestations: patients often show asymptomatic skin changes that can hardly be distinguished from the common actinic alterations that can be found after the radiotherapy treatment on the breast. Patients often show a palpable swelling, a purple-red area similar to a hematoma. Angiosarcomas can be confused with benign manifestations such as angiomas or atypical telangiectasia. Purple papules or erythematous nodules may also occur.
Despite all therapeutic efforts, the five-year survival rate varies from 27% to 62.8% (2-3). Although RIAS typically develops 10 years after radiation treatments for breast cancer, the latency period can range from 6 months to 20 years. Radioinduced angiosarcoma is indistinguishable from spontaneous angiosarcoma but some differences can be assessed: Lae, et al. compared the c-myc amplification on chromosome 8q24.21 in 32 RASB specimens and 15 sporadic angiosarcoma specimens [16] .
In our series, patients experienced non-specific signs of disease, but diagnosis was made promptly in the majority of cases. Latency period was in accordance to that reported in the literature, with a median time of 76 years. cological treatment. One patient developed pulmonary and bone metastases, but she is still alive at the time of the work submission. The last two patients developed pulmonary metastases, one of which associated with local recurrence, and died after 8-10 months (distribution of patients characteristics in relation to disease presentation and treatment received is described in Table  1 ). Overall, disease-free survival was 14 months for five patients without systemic disease at diagnosis of RIAS, while progression-free survival for synchronous metastatic patient at diagnosis was 12 months.
As we may expect, poorer survival outcomes, reported in literature, were noticed in patients presenting with locally advanced disease unsuitable for surgical management compared to the cases in our series. These factors highlight the importance of early diagnosis in RIAS patient. Angiosarcomas often present themselves insidiously with purple or red skin changes and may be easily mistaken for bruising or benign skin changes leading to delayed investigation and diagnosis. Early detection and prompt referral may potentially reduce the number of patients showing irresectable disease and improve both local and distant disease control.
Discussion
Radiation-induced tumors typically arise in the context or at the edge of the irradiation field where the dose is not uniform and may result lower than that necessary to induce cell destruction, or cause mutations that may lead to the carcinogenesis process. As an effect of ionizing radiation, chemical and biochemical modifications induced in the living organisms produce functional and morphological alterations of the cells causing a biological damage. Every cell, able to replicate, may become potentially cancerous; if the cells that present chromosomal modifications escape normal cellular controls, carcinogenesis may occur. of data proving the efficacy of adjuvant chemotherapy, recent data have suggested that radiotherapy can be useful in preventing recurrences [18] . Adjuvant radiotherapy after surgery, according to Johnstone, et al. allows for better local control [19] . Role of IMRT in the treatment of chest wall is currently under evaluation, because it can reduce the incidence rate of radiation toxicity by decreasing organs at risk (OARs) irradiation. In a dosimetry comparison study, authors report that IMRT plan to the chest wall and target, compared with conventional treatments, permits to lower the maximum dose, increase the minimum dose, thus resulting in better conformity and uniformity of the target volume [20] .
The role and efficacy of chemotherapy has not been established as the available body of data comes from small size sample groups, from which definite conclusions cannot be drawn, but probably patients with higher malignancy grade, G3 and with recurrence, could benefit most from neo or adjuvant chemotherapy [21] .
The use of neo/adjuvant chemotherapy was also found to be associated with improved local disease control in a large retrospective series of patients with radiation-induced sarcomas of all sites, although not associated with improved rates of systemic relapse or survival [22] . Adjuvant chemotherapy was not found to produce a benefit in terms of local control or overall survival study of high-risk soft-tissue sarcomas treated with surgery and radiation [23] [24] [25] [26] . As such, there is limited evidence to suggest that neo/adjuvant chemotherapy produces a survival benefit in RIAS, although it certainly may be of use as an induction therapy prior to surgery in those presenting with locally advanced disease and may offer patients effective disease palliation in addition. Targeted therapies may offer an alternative treatment in patients with progressive disease.
In our series, as a consequence of the high tendency towards local recurrence of this neoplasm, we have decided to propose all patients a second irradiation, except for one of them for the above-mentioned dosimetric problems. One patient refused immediate re-irradiation and the treatment was carried out at relapse. It was not possible to program a homogeneous radiant treatment for all patients, due to the heterogeneity of the sample for previously used irradiation doses, poor clinical compliance in one case and, above all, lack of clear indications of the literature and the guidelines. In any case, we decided to deliver the treatment by means of an intensity-modulated technique, in order to allow an adequate dose distribution, a reduction of dose exposure of the surrounding healthy tissues, especially for the underlying pulmonary parenchyma and the heart.
Conclusions
Radiotherapy in the treatment of breast cancer is associated with an increased risk of subsequent RIAS is known to have a high recurrence rate. Local recurrence, either in the tumor bed or along the surgical scar, is reportedly detected in a majority (96%) of cases of RIAS. That is probably due to multifocal growth of the RIAS or remnants of malignant tissue after surgery, even with negative surgical margins. Metastatic disease, most frequently to the lungs and the liver, can be present at the same time or shortly after local recurrences [7, 8] . Abbott, et al. retrospectively reviewed all cases of RIAS published as of 2017 and summarized the data [17] . The authors found that the local recurrence rate was 59% and that the median time to recurrence was 6 months (range, 1-78 months). They also found that metastatic disease was usually preceded by at least one local recurrence and that the most common locations were the lungs, the contralateral breast, and the skeleton. Furthermore, their histological review of 42 cases suggested that poorly differentiated RIAS was associated with a high risk of metastasis, whereas welldifferentiated tumors presented a higher risk for local recurrence rather than for distant metastases.
Radiation-induced sarcoma is a rare but highly aggressive neoplasm. Its management is a matter of debate, because no treatment guidelines are available, the prognosis is poor and 5-year survival rate varies widely, as reported before [2, 3, 17] . Nevertheless, aggressive surgical resection is commonly advocated as the treatment of choice.
Surgery, in the form of mastectomy with or without plastic reconstruction, is the treatment of choice in patients presenting localised disease. In the series of patients under treatment, it is possible to achieve microscopically complete (R0) resection margins in more than 80%. RIAS typically present themselves as multifocal lesions. The tendency of this pathology to create microsatellite deposits may contribute to the difficulty in obtaining local control.
The importance of performing a complete pathological resection has been stressed in the literature, although no standard guidelines regarding the recommended distance of clearance have been published. In the current series, those who developed local recurrence were found to have closer margins than those who did not. However, marginal status was not found to be independently prognostic of oncological outcomes in this series. This would suggest that the ability to achieve greater margins depends on other biological tumor factors that also determine the outcome, such as the size. It is likely that tumor biology is mainly responsible for the outcome in RIAS, although the initial surgery should aim for macroscopic clearance, it should be cautioned that achieving greater negative margins does not necessarily equate to improved patient outcomes.
Despite the increasing number of studies focusing on chemotherapy and radiotherapy, whether neoadjuvant or adjuvant, their role remains unclear. There is a lack sarcoma, but the percentage of risk is very low. RIAS is a rare, aggressive soft-tissue lesion with limited treatment options and high-rates of both local and systemic relapse.
Careful observation after adjuvant radiotherapy is required. Standard treatment involves surgery with simple mastectomy and adjuvant radiotherapy. The chemotherapy may have a role in downsizing locally advanced disease although has no proven effect on survival.
Angiosarcoma is significantly more prevalent in cases treated with radiotherapy, occurring especially in or adjacent to the radiation field. The small difference in risk of subsequent sarcoma for breast cancer patients receiving radiotherapy does not supersede the benefit of radiotherapy.
However, our series is too small to draw final conclusions and this is a limitation of the study. Further evaluation is necessary, also through a larger number of case studies, in order to have a better classification of the pathology and allow a more accurate multidisciplinary management.
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